Our objective was to study the effects of type I insulin-like growth factor receptor (IGF-IR) on human cord blood lymphocyte (CBL) functions. First, we used RT-PCR to determine the expression of IGF-IR at the mRNA level in CBL. We then inhibited the expression of IGF-IR in CBL by the antisense oligonucleotide for the IGF-IR gene. We measured the changes in interleukin (IL)-2, -4 and interferon-γ (IFNγ) at mRNA levels by RT-PCR, immunoglobulin M (IgM) production by CBL with an ELISA and lymphocyte proliferation by a 3 H-thymidine uptake technique. Our results showed that IGF-IR mRNA was detected in both non-activated and activated CBL, but the expression levels in the activated CBL were higher than those in the non-activated CBL. After being exposed to the antisense oligonucleotide, a 50% reduction in the amount of IGF-IR mRNA occurred. Accordingly, the proliferation of CBL to mitogen was significantly reduced about 50%, and the production of IgM from CBL was also markedly decreased. In the phytohemagglutinin-stimulated CBL culture system, when the IGF-IR antisense oligonucleotide existed, the mRNA levels of IFNγ and IL-2 decreased 30-50% and IL-4 decreased 20-30%. We concluded that IGF-IR is most likely involved in the process of CBL proliferation and production of immunoglobulin and cytokines. It might therefore play an important role in the modulation of the immune functions.
Introduction
Many other investigators and our previous study (Yang et al. 1999) have demonstrated that almost all components of the insulin-like growth factor (IGF) axis are expressed in immune organs (thymus and lymph nodes) and cells. Evidence also suggests that IGF affects immune functions and may be involved in immunoregulation (Gelato 1993 , Marie 1993 , Kooijman et al. 1996 , Krishnaraj et al. 1998 , Dorshkind & Horseman 2000 . Moreover, some studies have shown that IGF-I promotes cord blood T cell maturation (Tu et al. 2000) , and interferon-(IFN ) production and proliferation (Tu et al. 1999) . The actions of IGF-I are also reported to be mediated via the IGF-I receptor (IGF-IR) (Reiss et al. 1992) . However, whether IGF-IR also plays a crucial role in immune cell proliferation and function has not yet been defined. In order to study the effects of IGF-IR on human cord blood lymphocytes (CBL), we examined the expression of mRNA for IGF-IR in CBL, and investigated the regulation of antisense oligodeoxynucleotides (ODN) for the IGF-IR gene on CBL proliferation and production of immunoglobulin and cytokines.
Materials and methods

CBL separation and culture
Human cord blood specimens were obtained from normal newborn infants. Lymphocytes were separated from heparinized blood by centrifugation on Ficoll-Hypague (SABC, Shanghai, China). The cells were cultured in RPMI 1640 medium (GIBCO, Rockville, MD, USA) containing 10% fetal calf serum (FCS; Shanghai, China) at 37 C in a humidified 5% CO 2 atmosphere. The mitogen concentrations were phytohemagglutinin (PHA; 10 µg/ml) (Sigma, St Louis, MO, USA) or pokeweed mitogen (PWM; 5 µg/ml) (Sigma).
This study was approved by the ethics committee of the Shanghai Medical University and Hospitals.
Transfection of CBL with liposomal ODNs
The antisense ODNs (ASO) and sense ODNs (SO), synthesized by the SBS Biotechnology Co. (Beijin, China), targeting a sequence starting 2 bp 5 to the ATG site of IGF-IR mRNA were as follows: ASO, 5 -CCGGAGCCAGACTTC-3 ; SO, 5 -AAGTCT GGCTCCGGA-3 . We transferred the ODNs into the CBL by the liposome-mediated method. Liposomal ODNs were prepared following the suggestion of the liposome provider (Shanghai Institute of Biochemistry, Academia Sinica, Shanghai, China). Briefly, ODNs were dissolved in distilled water and mixed with stearylamine (SA) liposome at 1:2 (w/w). The mixture was left for 25-30 min at room temperature and then added to the cultured cells. The CBL were incubated with either ASO or SO in a final concentration of 5 µmol/l for 2 h and were then cultured in RPMI 1640 containing 15% FCS at 37 C in a humidified 5% CO 2 atmosphere. The appropriate mitogen was added to the culture (either PHA for T cells or PWM for B cells) and incubated for 3-5 days.
Proliferation assays
Lymphocyte proliferation assays were performed by a 3 H-thymidine uptake technique. Briefly, we added 1 µCi 3 H-thymidine (SINR, Shanghai, China) per well to the cell culture, and incubated it for 16-18 h. The CBL were then harvested and the incorporated radioactivity was measured in a liquid scintillation counter (Beckman, Fullerton, CA, USA). Proliferation data are expressed as c.p.m.
Measurement of immunoglobulin M (IgM) production by CBL
IgM production in the supernatant of the CBL culture was quantitated by an enzyme-linked immunosorbent assay, which was carried out according to White & Ballow (1985) .
RNA isolation and RT-PCR
Total RNA was extracted from CBL by using TRIzol (GIBCO) according to the manufacturer's protocol. RNA was quantitated by measuring absorbancy at 260 nm in a spectrophotometer (Shimadzu UV-1601, SSI, Kyoto, Japan). Equal amounts of RNA from each sample were taken for RT-PCR.
Total RNA (2 µg) was reverse transcribed to cDNA in 20 µl of reaction volume. Final reaction conditions were 1 transcription buffer, 500 µM each dNTP, 0·5 µg random hexamer primer, 30 U RNasin (Promega, Madison, WI, USA) and 200 U moloney murine leukemia virus reverse transcriptase (GIBCO). The reaction mixture was incubated at 25 C for 10 min, 37 C for 1 h and the transcriptase was heat inactivated at 95 C for 5 min. cDNA was diluted 1:5 with distilled water and kept at 20 C until needed. PCR was performed in 50 µl buffer containing 5 µl cDNA, 0·4 µM specific primers (sequence showed in Table  1 ), 0·2 mM 4 dNTP and 2 U Taq polymerase (SABC, Shanghai, China) for 30 cycles (94 C for 1 min, 50-55 C for 1 min and 72 C for 1 min) in a PTC-100 thermocycler (MJ Research, Waltham, MA, USA). -Actin was used as quantitative control. Each 10 µl PCR product was electrophoresed on 2% ethidium bromide (EB)-stained agarose gel. By using a densitometer (GDS 8000; UVP, Cambridge, UK), EB-stained gel bands were scanned and quantitated. This process was repeated at least three times.
Data are expressed as means S.D. The t-test was used and P<0·05 was regarded as statistically significant.
Results
Expression and regulation of the IGF-IR gene by the antisense ODNs
Expression of mRNA for IGF-IR was detected by RT-PCR in both non-activated and activated CBL. When CBL were stimulated with PHA in vitro, IGF-IR mRNA levels increased significantly and peaked at 24 h (P<0·05 compared with the non-activated CBL). In the presence of 5 µmol/l antisense ODNs, IGF-IR mRNA was markedly reduced and reached the lowest level at 24 h. Compared with the PHA-stimulated CBL culture, a 50% decrease in IGF-IR mRNA was found. The difference was statistically significant (P<0·05). Similar changes in IGF-IR mRNA transcription appeared when CBL were stimulated with PWM and inhibited by antisense ODNs. There were no significant differences in the expression of IGF-IR mRNA between the presence or the absence of sense ODNs.
Effects of IGF-IR antisense ODNs on CBL proliferation
When CBL were cultured with PHA for 3 days, the c.p.m. values of 3 H-thymidine incorporation were 9·5 1·3 10 4 . However, in the presence of IGF-IR antisense ODNs, the c.p.m. values were reduced to 4·7 1·1 10 4 (P<0·05). The 50% decline indicated the significant inhibition of CBL proliferation by IGF-IR antisense ODNs. Similar results were shown in PWM-stimulated CBL proliferation; when cultured with IGF-IR antisense ODNs, the c.p.m. values were decreased from 7·5 0·4 10 3 to 3·4 0·3 10 3 (P<0·05). The sense ODNs did not have any effect on lymphocyte proliferation.
Effects of IGF-IR antisense ODNs on IgM production by CBL
When CBL were cultured with PWM for 5 days, IgM in the culture supernatants was detected at about 29·51 0·77 ng/ml. However, after CBL were incubated with IGF-IR antisense ODNs, IgM production was reduced to 27·18 0·59 ng/ml. The decline was statistically significant (P<0·05).
Effects of IGF-IR antisense ODNs on the expression of cytokine mRNA
In non-activated CBL, expression of mRNA for interleukin (IL)-2, -4 and IFN were detected at very low levels by RT-PCR while, after PHA stimulation, their mRNA showed significant enhancement at 24, 48 and 72 h. However, when IGF-IR antisense ODNs were added to the cultures, the up-regulation of these gene expressions induced by PHA was inhibited. Compared with PHA stimulation alone, the transcription levels of mRNA for IL-2, -4 and IFN declined significantly (P<0·05). There were some differences in the extent of change of specific genes, but the general pattern was similar (Fig. 1) . On the contrary, the sense ODNs had no effect on cytokine synthesis in CBL.
Discussion
It has been demonstrated that IGF-IR is present in lymphocytes and that the expression is correlated with the active status of the lymphocytes (Kozak et al. 1987 , Tapson et al. 1988 , Geffner et al. 1992 , Johnson et al. 1992 , Kooijman et al. 1992 , 1995a , 1995b , Nyman & Pekonen 1993 . The results were mainly obtained from adult peripheral blood lymphocytes. In this study, we examined the expression of IGF-IR in the CBL of newborn infants at the mRNA level. Compared with adult peripheral blood lymphocytes, there were more naive lymphocytes in cord blood, but their expression and regulation of IGF-IR mRNA were similar. This implies that IGF-IR is also involved in the activated process of CBL.
IGF-IR is the most important mediator in the IGF axis, and it transfers the IGF-I signals to target cells to promote growth and protein synthesis. In order to investigate the effects of IGF-IR on immune cells, we inhibited the expression of IGF-IR by using SA liposomes -a highly efficient reagent mediating antisense ODN transfection (Lin et al. 1995 , Wang et al. 1996 , and observed the changes in lymphocyte proliferation, immunoglobulin synthesis and cytokine gene expression in CBL. Although liposome has been used as an efficient transfection reagent in a wide range of eukaryotic cells, to date we have not found any reports on the application of liposomemediating gene transfection in lymphocytes. In our experiment, the ODN transfection was successful. We found that when antisense ODNs inhibited the expressions of IGF-IR mRNA to 50%, lymphocyte proliferation was reduced about 50% simultaneously, no matter whether the mitogen was PHA or PWM. Lymphocyte proliferation is the base of immune response reaction, therefore IGF-IR may participate in immune modulation in this way.
Cytokine secretion is one of the most important immune responses of T cells. Depending on the pattern of cytokine production, CD4+ T cells can be divided into Th1 and Th2 cells. In this study, we chose to measure IFN , IL-2 and IL-4, because they are produced by Th1 or Th2 cells predominantly or exclusively. In general, neonatal IL-4 production is at about 30-35% of adult level, but IFN secretion is only at 8-10% of the adult amount. The Th1/Th2 balance is biased towards a Th2 response (Chipeta et al. 1998 , Delespesse et al. 1998 ). In our study, when antisense ODNs decreased IGF-IR mRNA, the transcription of mRNA for IFN , IL-2 and IL-4 was significantly reduced in PHA-activated CBL. However, the amplitude of decline was different, the reductions in IFN and IL-2 mRNA were more marked than IL-4 mRNA. This indicated that the expression of IGF-IR mRNA might promote the Th1 immune responses in CBL, which would be beneficial to the regulation of the Th1/Th2 balance in infants.
It is known that human B cells can secrete IGF and express IGF receptors (Merimee et al. 1989 , Stuart et al. 1991 . Some studies have shown the regulatory effect of IGF on B cell growth and immunoglobulin production (Landreth et al. 1992 , Freund et al. 1993 , Kimata & Fujimoto 1994 , Kimata & Yoshida 1994 , Robbins et al. 1994 . Our results showed that the antisense ODNs for IGF-IR mRNA influenced lymphocyte proliferation and immunoglobulin production in PWM-activated CBL, which demonstrated further the immune modulation of IGF-IR in B cells. The promotion of protein synthesis by IGF-I and IGF-IR may contribute to the regulation of B cell function.
In conclusion, it is most likely that IGF-IR is involved in the process of CBL proliferation and the production of immunoglobulin and cytokines. It may play an important role in the modulation of the immune functions.
